LIQUID DROP EJECTING DEVICE AND LIQUID DROP EJECTING 
METHOD, LAYER FORMING DEVICE AND LAYER FORMING METHOD, 
MANUFACTURING METHOD FOR DEVICE, AND ELECTRONIC 

APPARATUS 

BACKGROUND OF THE INVENTION 
[0001] Field of the Invention 

[0002] The present invention relates to a liquid drop ejecting 
device which ejects a functional liquid by a liquid drop ejecting head to a 
workpiece such as a substrate and to a method therefor, a layer forming 
device and a method for forming a layer, a method for manufacturing the 
device, and an electronic apparatus. 

[0003] Description of Related Art 

[0004] In a liquid drop ejecting device, such as an ink jet printer, 
which can perform a color printing operation, a plurality of liquid drop 
ejecting heads are disposed in a carriage A different color ink (liquid 
drop) is charged into each of the liquid drop ejecting devices. In a liquid 
drop ejecting device having such a structure, a printing operation is 
performed such that each head is driven separately according to printing 
data so as to control the liquid drop ejection for each color. There has been 
provided a liquid drop ejecting device which is provided with a plurality of 
liquid drop ejecting heads, and the liquid drop ejecting heads which are 
disposed in such a liquid drop ejecting device are the same as each other. 



A document such as Japanese Unexamined Patent Application, First 
Publication No. 2001*277658 discloses details of the liquid drop ejecting 
device which is provided with a plurality of liquid drop ejecting heads. 

[0005] Here, there is a case in which it is necessary to eject a 
plurality of liquid drops having different viscosities to a workpiece on 
which a plurality of functional liquids must be formed. For such a case, it 
is possible to mention a case in which a preparation which does not need a 
cover glass is manufactured by applying a staining material on a sample on 
a preparation so as to fix the sample by a coating material. In this 
technique, it is necessary to eject a low viscosity sample staining material 
(functional liquid) and a high viscosity coating material (functional liquid) 
by the liquid drop ejecting head. 

[0006] It is necessary to use different functional liquid heads 
which have different specifications according to which of the low viscosity 
sample staining material or the high viscosity coating material is ejected. 
Therefore, basically, it is necessary to use two liquid drop ejecting devices 
on each of which liquid drop ejecting heads having different specifications 
are mounted. Alternatively, it is necessary to replace a liquid drop 
ejecting head (containing a functional liquid supplying system) which a 
liquid drop ejecting device appropriately. 

[0007] However, when the former liquid drop ejecting device is 
used, it takes time to transport a workpiece to the other liquid drop 
ejecting device. When the latter liquid drop ejecting device is used, it 
takes time to exchange the liquid drop ejecting head. Therefore, the 
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overall process for ejecting liquid drop to the workpiece becomes quite 
complicated. In order to solve such a problem, it is preferable that 
different liquid drop ejecting heads having different specifications from 
each other be disposed in a liquid drop ejecting device, and a common 
driving circuit for these liquid drop ejecting heads be disposed so as to 
simplify the structure in the device. 

[0008] A dummy load circuit is disposed in a driving circuit in the 
liquid drop ejecting head so as to prevent a deterioration of a printed image 
which is caused by a floating capacity An optimal figure of the dummy 
load depends on the specification of the liquid drop ejecting head. When 
liquid drop ejecting heads having different specifications from each other 
are driven by a common driving circuit as in the above case, it sometimes 
occurs that it is not possible to set an optimal dummy load in some types of 
the liquid drop ejecting heads. Thus, there is a problem in that the 
quality of the printed image will be deteriorated. 

SUMMARY OF THE INVENTION 

[0009] The present invention was made in consideration of the 
above problems. An object of the present invention is to provide a liquid 
drop ejecting device which can perform efficient operations on workpieces 
by ejecting various functional liquid drops and a method therefor, a layer 
forming device and a method for forming a layer, a method for 
manufacturing a device, and an electronic apparatus. 

[0010] In order to solve the above problem, a liquid drop ejecting 



device for ejecting a liquid drop to a workpiece according to a first aspect of 
the present invention comprises a plurality of liquid drop ejecting heads, a 
plurality of control sections which are provided with circuits for restricting 
an oscillation of a driving waveform which is applied to the liquid drop 
ejecting heads, and a selecting section which selects either one of the 
plurality of control sections according to a liquid drop which is ejected from 
the liquid drop ejecting heads. In this aspect of the present invention, it is 
preferable that the driving waveform be applied to the liquid drop ejecting 
heads via the control section which is selected by the selecting section. 

[0011] According to this aspect of the present invention, the 
control section is selected according to the ejected liquid drop, and the 
driving waveform is applied to the liquid drop ejecting head via the 
selected control section. Therefore, an optimal circuit can be selected for 
restricting an oscillation of the driving waveform according to the liquid 
drop ejecting head which is driven. Therefore, the quality of the printed 
image does not become deteriorated. In addition, it is possible to eject 
various functional liquids. Also, it is not necessary to replace the liquid 
drop ejecting head; therefore, it is possible to perform efficient workpiece 
processing. 

[0012] In the present invention, it is preferable that the selecting 
section be provided with plurality of electric switches which are connected 
to the control section and the liquid drop ejecting head, and the selecting 
section selects either one of the plurality of the control sections which are 
connected to the liquid drop ejecting heads by switching a connection of the 
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electric switch. 

[0013] Also, it is preferable that the selecting section be provided 
with a plurality of mechanical switches for switching an electric connection 
condition between the control section and the liquid drop ejecting heads. 

[0014] Furthermore, it is preferable that the electric switch is an 
analogue switch. Also, it is preferable that the mechanical switch be a 
DIP switch which is operated by a user. 

[0015] Also, according to the first embodiment of the present 
invention, a liquid drop ejecting device comprises a carriage on which 
various liquid drop ejecting heads are mounted, a functional liquid 
supplying structure which supplies functional liquids to the various liquid 
drop ejecting heads, a moving structure which moves the various liquid 
drop ejecting heads via the carriage relative to the workpiece, and an 
ejection driving control section which controls a ejection driving operation 
in either one of the liquid drop ejecting heads so as to synchronize the 
moving structure. 

[0016] In order to solve the above problem, according to a second 
aspect of the present invention, a liquid drop ejecting device for ejecting a 
liquid drop to a workpiece comprises. a plurality of control sections. In 
this aspect of the present invention, it is preferable that the plurality of 
control sections be provided with a plurality of liquid drop ejecting heads 
having different specifications from each other and a driving device which 
drives the liquid drop ejecting heads which are disposed, and each head 
unit has a circuit for restricting an oscillation of a driving waveform which 
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is selected according to an electric characteristic in the liquid drop ejecting 
head. 

[0017] According to this aspect of the present invention,' a head 
unit comprises a liquid drop ejecting head and a circuit for restricting an 
oscillation of the driving waveform which is selected according to an 
electric characteristic in the liquid drop ejecting head. Also, the head unit 
can be exchanged in the driving device. Thus, the liquid drop ejecting 
head and the circuit for restricting the oscillation of the driving waveform 
are connected to the driving device only by replacing (attaching) the head 
unit; thus it is possible to eject the liquid drop without causing a 
deterioration in the quality of the printed image. Also, it is possible to 
connect the head unit which has the different liquid drop ejecting heads 
having different characteristics to a common driving device; thus, it is 
possible to reduce the cost for the device. 

[0018] In the first and the second aspects in the present invention, 
it is preferable that the control section contain an electric resistor element 
and an electric capacity element. 

[0019] In order to solve the above problem, a method for ejecting a 
liquid drop to a workpiece comprises the steps for selecting a liquid drop 
ejecting head which should be driven among a plurality of the liquid drop 
ejecting heads having different specification each other, selecting a control 
section among a plurality of control sections which have circuits for 
restricting an oscillation of the driving waveform which is applied to the 
liquid drop ejecting heads according to the liquid drop which is ejected from 
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the liquid drop ejecting heads, and supplying a driving signal to the liquid 
drop ejecting head which is selected in the step for selecting the liquid drop 
ejecting head via the control section which is selected in the step for 
selecting the control section so as to eject the liquid drop. 

[0020] In order to solve the above problem, a method for ejecting a 
liquid drop to a workpiece according to the second aspect of the present 
invention comprises the steps for mounting a head unit which is provided 
with a liquid drop ejecting head and a control section for restricting an 
oscillation of a waveform which is applied to a liquid drop ejecting head 
according to the liquid drop ejecting head and an electric condition therein, 
and supplying a driving signal to the liquid drop ejecting head via the 
control section which is disposed in the head unit which is mounted in the 
step for mounting a head uriit so as to eject the liquid drop. 

[0021] The present invention is characterized in that a layer 
forming device is provided with the liquid drop ejecting device of the 
present invention. 

[0022] The present invention is characterized in that a layer 
forming method comprises the step of forming a layer by ejecting a liquid 
drop by the liquid drop ejecting device or the method for ejecting a liquid 
drop according to the present invention. 

[0023] According to the present invention, in a method for 
manufacturing a device which is provided with a workpiece in which 
functional patterns are formed in predetermined sections therein, the 
method comprises the step for forming the functional patterns in the 
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workpiece by ejecting the liquid drop by the liquid drop ejecting device, or 
according to the liquid drop ejecting method of the present invention. 

[0024] An electronic apparatus of the present invention is 
manufactured using any one of the above liquid drop ejecting devices or 
any one of the above method for ejecting liquid drop. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] FIG. 1 is a block diagram showing a general structure of a 
liquid drop ejecting device according to a first embodiment of the present 
invention. 

[0026] FIG. 2 is a view of a head unit which is provided to the 
liquid drop ejecting device according to the first embodiment of the present 
invention. 

[0027] FIG. 3 is a view showing a first example for processing a 
substrate by the liquid drop ejecting device according to the first 
embodiment of the present invention. 

[0028] FIG. 4 is a view showing a second example for processing a 
substrate by the liquid drop ejecting device according to the first 
embodiment of the present invention. 

[0029] FIG. 5 is an electric diagram in a head driver and a liquid 
drop ejecting head which are provided in the liquid drop ejecting device 
according to the first embodiment of the present invention. 

[0030] FIG. 6 is an electric diagram in a head driver and a liquid 
drop ejecting head which are provided in the liquid drop ejecting device 
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according to a second embodiment of the present invention. 

[0031] FIG. 7 is an electric diagram in a head driver and a liquid 
drop ejecting head which are provided in the liquid drop ejecting device 
according to a third embodiment of the present invention. 

[0032] FIG. 8 is a view of a micro-lens array in an optical 
interconnection device which is manufactured by using a liquid drop 
ejecting device according to an embodiment of the present invention. 

[0033] FIG. 9 is a view of a micro-lens array in an optical 
interconnection device which is manufactured by using a liquid drop 
ejecting device according to an embodiment of the present invention. 

[0034] FIG. 10 is a cross section showing a general structure of a 
liquid crystal device which uses a color filter substrate which is 
manufactured by the liquid drop ejecting device according to an 
embodiment of the present invention. 

[0035] FIGS. 11A and 11B are views for showing a disposition of 
colors on the color filer substrate. 

[0036] FIG. 12 is a cross section of an example for an organic EL 

device. 

[0037] FIG. 13 is an isometric view of a part of a plasma display 

device. 

[0038] FIGS. 14A to 14C are views showing a field emission 
display which is provided with field emission elements. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0039] Embodiments for the liquid drop ejecting device and a 
method therefor, a layer forming device and a method for forming a layer, a 
method for manufacturing a device, and an electronic apparatus are 
explained with reference to the drawings below. 

[0040] First Embodiment 

[0041] FIG. 1 is a block diagram showing a general structure of a 
liquid drop ejecting device according to a first embodiment of the present 
invention. 

[0042] As shown in FIG. 1, a liquid drop ejecting device 1 
according to the present embodiment is provided with an X-axis table 3 
and a Y-axis table for moving structures which are disposed on a mount 
base 2. A main carriage 5 is attached on the X-axis table 3 so as to freely 
move thereon. A head unit 6 is disposed in the main carriage 5. 
Although it is explained in detail later, different liquid drop ejecting heads 
8 (three heads in the present embodiment 8a, 8b, and 8c) having different 
specifications, are mounted on the head unit 6 via a sub-carriage 7. Also, 
a substrate W is mounted on the Y-axis table 4 as a workpiece. 

[0043] Also, the liquid drop ejecting device 1 is provided with a 
functional liquid supplying device 9 for a functional liquid supplying 
structure which supplies a functional liquid to a plurality of liquid drop 
ejecting heads 8. Also, the liquid drop ejecting device 1 is provided with a 
control device 10 which controls a driving operation for the X-axis table 3, 
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Y-axis table 4, and a plurality of different liquid drop ejecting heads 8. A 
personal computer 11 is connected to the control device 10 so as to generate 
ejection pattern data for a plurality of different liquid drop ejecting heads 
8. 

[0044] Here, although it is not shown in FIG. 1, the liquid drop 
ejecting device 1 is provided with units such as a flashing unit which 
receives a waste functional liquid from all ejection nozzles in the liquid 
drop ejecting heads 8 periodically, a wiping unit which wipes a nozzle 
surface in the liquid drop ejecting heads 8, and a cleaning unit which 
absorbs the functional liquid in the liquid drop ejecting head 8 and stores 
the functional liquid. 

[0045] The X-axis table 3 is provided with a driving system for 
X-axis direction which comprises a motor 12, and X-axis slider 13 which is 
driven by the motor 12. Furthermore, the X-axis table 3 is provided with 
a main carriage 5 such that the main carriage moves freely. Also, the 
Y-axis table 4 is provided with a driving system form Y-axis direction which 
comprises a motor 14 and a Y-axis slider 15 which is driven by the motor 14. 
Furthermore, the Y-axis table 4 is provided with an attracting set table 16 
such that the set table 16 moves freely. Furthermore, a substrate W is 
supported such that the substrate W is positioned on the set table 16. 

[0046] The liquid drop ejecting device 1 according to the present 
embodiment drives (ejects the functional liquid selectively) each liquid drop 
ejecting head 8 so as to be synchronized with a movement of the liquid drop 
ejecting head 8 which is driven by the X -axis table 3. That is, a scanning 
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operation by the liquid drop ejecting heads 8 is performed in a 
reciprocating manner by the X-axis table 3 in an X-axis direction. Also 
correspondingly, a sub-scanning operation is performed in a reciprocating 
movement of the substrate W by the Y-axis table 4 in a Y-axis direction. 
Consequently, the liquid drop ejecting heads 8 are driven according to an 
ejection pattern data which is produced in the above personal computer 11 
so as to be synchronized with the above scanning operation. 

[0047] A functional liquid supplying device 9 is provided with 
three sub-tanks 17 (17a, 17b, and 17c) which correspond to liquid drop 
ejecting heads 8, three main tanks which are connected to the sub-tanks 17, 
and a pressurized liquid transmitting device (not shown in the drawing) 
which transmits the functional liquid contained in the three main tanks to 
the corresponding sub-tanks 17. The functional liquid contained in the 
main tanks is transmitted to a first sub-tank 17a, a second sub-tank 17b, 
and a third sub-tank 17c correspondingly in a pressurized manner. The 
functional liquid which is no longer pressurized in the sub-tanks 17 is 
transmitted to the liquid drop ejecting heads 8 by a pumping effect by the 
corresponding liquid drop ejecting heads 8. Although it is not shown in 
the drawing, the above pressurized liquid transmitting device is controlled 
by the above control device 10. 

[0048] Here, a structure in the head unit 6 which is provided in 
the liquid drop ejecting device according to the present embodiment is 
explained. FIG. 2 is a view showing a structure of the head unit 6 which 
is provided in the liquid drop ejecting device according to the first 
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embodiment of the present invention. As shown in FIG. 2, the head unit 6 
comprises a sub-carriage 9 which is made of a plate made of a metal such 
as stainless steel and three liquid drop ejecting heads 8 which are 
positioned and fixed accurately on the sub-carriage 9. 

[0049] As shown in FIG. 2, the liquid drop ejecting heads 8 
comprises a first ejecting head 8a, a second ejecting head 8b, and a third 
ejecting head 8c. Here, ejecting nozzles which are positioned outermost of 
the first ejecting head 8a to the third ejecting head 8c are called as 
reference nozzles Nl to N3. The ejecting nozzles are disposed in the first 
ejecting head 8a to the third ejecting head 8c in a sub-scanning direction 
(Y-axis direction) such that the reference nozzles Nl to N3 are disposed on 
a virtual line L which is parallel with a main scanning direction (X-axis 
direction). Also, a pair of positioning reference pins PI and P2 are 
disposed at both ends in the Y-axis direction in a middle of the sub-carriage 
9 in the Y-axis direction. 

[0050] For example, the above reference nozzles Nl to N3 are 
used for compensating (for ejection pattern data) for an ejection receiving 
position between nozzle arrays in the first ejection head 8a. Also; the 
above reference nozzles Nl to N3 are used for a positioning reference in a 
compensating operation for an ejection receiving position between the first 
ejection head 8a and the second ejection head 8b, or between the second 
ejection head 8b and the third ejection head 8c. Also, the ejection heads 
8a, 8b, and 8c are positioned and fixed on the sub-carriage 9 according to 
the reference nozzles Nl to N3. On the other hand, the above pair of the 
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reference pins PI and P2 are used for reference points to position the head 
unit 6. 

[0051] Specifications in the three liquid drop ejecting heads 8 (the 
first ejecting head 8a to the third ejection head 8c) are different from each 
other. For example, in the first ejection head 8a, two nozzle arrays are 
disposed in which 180 nozzles are disposed. In the second ejection head 
8b, three nozzle arrays are disposed in which 96 nozzles are disposed. In 
the third ejection head 8c, a nozzle array is disposed in which three nozzles 
are disposed. 

[0052] As explained above, plural different liquid drop ejecting 
heads are provided so as to eject a plurality of different liquid drops to the 
substrate W while changing the liquid drop amount (weight, volume). 
Here, a processing operation for a substrate by the liquid drop ejecting 
device is explained. FIG. 3 is a view showing a first example for 
processing a substrate by the liquid drop ejecting device according to the 
first embodiment of the present invention. 

[0053] As shown in FIG. 3, explanation is made under condition 
that a volatile first functional liquid Dl is ejected in concave sections Kl on 
the substrate W as a workpiece on which a matrix contouring area Rl in 
which a bank Bl is formed, a second functional liquid D2 is ejected for 
overcoating an overall contouring area Rl so as to eject the first functional 
liquid Dl in the concave sections Kl. Furthermore, when a defective 
ejection occurs in the first functional liquid Dl and the second functional 
liquid D2, a defect mark is marked in a marking area R2 on the substrate 
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W by a third functional liquid D3 so as to indicate a defect thereon. 

[0054] In this case, for example, the first functional liquid Dl is 
introduced in the first ejection head 8a. The second functional liquid D2 
is introduced in the second ejection head 8b for overcoating thereon. The 
third functional liquid D3 is introduced in the third ejection head 8c for 
marking. The liquid drop is ejected from the first to third, ejection heads 8a 
to 8c while changing a relative position between the substrate W and the 
liquid drop ejecting heads 8. Here, the functional liquid is used such that 
viscosity of the first functional liquid Dl is relatively low, and viscosity of 
the second functional liquid D2 is relatively high. Furthermore, the third 
functional liquid D3 for marking, which has approximately the same 
viscosity as that of the second functional liquid D2, is used. 

[0055] FIG. 4 is a view showing a second example for processing a 
substrate by the liquid drop ejecting device according to the first 
embodiment of the present invention. As shown in FIG. 4, an A functional 
liquid (illuminating liquid) Dll and a B functional liquid (hardening 
liquid) D12 as a two'liquid-illuminating-functional-liquid (or a filter 
functional liquid for a color filter) are ejected in this order on the concave 
sections Kl on the substrate W as. a workpiece in which a matrix 
contouring area Rl is disposed in which a bank Bl is formed. 
Consequently, similarly to the above case, a defect mark is marked in the 
marking area R2 by using the third functional liquid D3. 

[0056] In this case, for example, the A functional liquid Dll is 
introduced in the first ejection head 8a, the B functional liquid D12 is 
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introduced in the second ejection head 8b, the third functional liquid D3 
is introduced in the third ejection head 8c. The liquid drops are ejected 
from the first to third ejection heads 8a to 8c while the relative position 
between the substrate W and the liquid drop ejecting heads 8 is changed. 
By doing this, it is possible to eject a plurality of fine different liquid drops 
accurately in a dot manner by providing a plurality of liquid drop heads. 
Therefore, it is possible to use such structure for manufacturing various 
parts in various industries if a special ink such as an illuminating or 
photosensitive resin is used for a functional liquid (liquid to be ejected). 

[0057] Here, in examples for a substrate processing operation 
shown in FIGS. 3 and 4, the amount of the functional liquid per unit nozzle 
is small in the first ejection head 8a, the amount of the functional liquid 
per unit nozzle is large in the second ejection head 8b, and the amount of 
the functional liquid per unit nozzle is extremely large in the third ejection 
head 8c. This is because the type of the functional liquids Dl to D3 and 
their ejection condition are taken into consideration. 

[0058] In FIG. 1, the control device 10 comprises a control section 
18, a head driver 19, an X-axis motor driver 20, and a Y-axis motor driver 
21 so as to control devices in the liquid drop ejecting device 1 integrally. 
The control section 18 is connected to a personal computer 11 so as to drive 
the head driver 19, the X-axis motor driver 20, and the Y-axis motor driver 
21 according to a control command which is outputted from the personal 
computer 11. The head driver 19 drives the liquid drop ejecting heads 8 
(the first to third ejection heads 8a to 8c). 
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[0059] Here, a structure in the head driver 19 is explained. FIG. 
5 is an electric diagram in a head driver and a liquid drop ejecting head 
which are provided in the liquid drop ejecting device according to the first 
embodiment of the present invention. Here, in FIG. 5, only necessary 
structures are shown for explaining the present invention. As shown in 
FIG. 5, the head driver 19 comprises an amplifier 30 for amplifying a 
driving waveform COM for driving the liquid drop ejecting heads 8 (the 
first to third ejection heads 8a to 8c), dummy load circuits 31a to 31c for 
controlling the dummy load, and analogue switches 32a to 32c, and 33a to 
33c. 

[0060] In the dummy load circuit 31a, an electric resistor and a 
condenser are connected in series. The resistance and capacity in the 
dummy load circuit 31a are set according to electric characteristics in the 
first to third ejection heads 8a to 8c. Analogue switches 32a to 32c, and 
33a to 33c are electric switches which open and close according to a print 
data DATA. The analogue switches 32a to 32c, and 33a to 33c serve as a 
switching section in the present invention. 

[0061] A circuit in which the analogue switches 32a and 33a are 
connected in series, a circuit in which, the analogue switches 32b and 33b 
are connected in series, and a circuit in which the analogue switches 32c 
and 33c are connected in series are connected in parallel. The amplifier 
30 and the liquid drop ejecting heads (the first to third ejection heads 8a to 
8c) are connected. Here, the dummy load circuit 31a is connected to the 
analogue switches 32a and 33a. The dummy load circuit 31b is connected 
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to the analogue switches 32b and 33b. The dummy load circuit 31c is 
connected to the analogue switches 32c and 33c. 

[0062] The liquid drop ejecting heads (the first to third ejection 
heads 8a to 8c) are provided with the same number of analogue switches 35 
as that of the ejection nozzles and a pressure generating element 36 such 
as a piezo-element. All the analogue switches 35 are connected to the 
analogue switches 33a to 33c which are disposed in the head driver 19 so 
as to supply the driving waveform COM to the pressure generating 
element 36 via the dummy load circuits 31a to 31c. 

[0063] Also, print data DATA is supplied to each of analogue 
switches 35. The analogue switches are controlled so as to open and close 
according to the print data DATA. For example, "1 (one)" is supplied as a 
print data DATA, the analogue switch 35 is opened. In this case, the 
driving waveform COM which is sent via the dummy load circuits 31a to 
31c is supplied to the pressure generating element 36 via the opening 
analogue switch 35; thus, a liquid drop is ejected from the pressure 
generating element 36. 

[0064] As explained above, the print data DATA is supplied to all 
of the analogue switches 35 which are provided in the liquid drop ejecting 
heads 8 (the first to third the first to third ejection heads 8a to 8c); 
therefore, it is possible to select the liquid drop ejecting heads 8 (the first to 
third the first to third ejection heads 8a to 8c) according to the print data 
DATA. Also, the print data DATA is supplied to the above analogue 
switches 32a to 32c, and 33a to 33c. 
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[0065] The opening and closing condition of the analogue switches 
32a to 32c, and 33a to 33c are set independently according to the print data 
DATA. Therefore, by opening either one (a pair) of the analogue switches 
32a and 33a, analogue switches 32b and 33b, and analogue switches 32c 
and 33c, it is possible to connect only one of the dummy load circuits 31a to 
31c to the liquid drop ejecting heads 8. 

[0066] Also, it is possible to connect a plurality of dummy load 
circuits 31a to 31c to the liquid drop ejecting devices 8 by opening a 
plurality of (pairs o£) analogue switches 32a and 33a, analogue switches 
32b and 33b, and analogue switches 32c and 33c. By doing this, when a 
plurality of dummy circuits 31a to 31c are connected to the liquid drop 
ejecting devices 8, it is possible to connect an electric resistance which is 
other than the electric resistance (dummy load circuits 31a to 31c) which 
are prepared in advance to the liquid drop ejecting heads 8. Therefore, it 
is possible to eject the liquid drops stably even when a load in the liquid 
drop ejecting heads 8 varies. 

[0067] Ordinarily, print data DATA is used for controlling a 
pressure generating operation in the pressure generating element 36 so as 
to control the ejection of the liquid drops. In the present embodiment, the 
print data DATA is also used for selecting the liquid drop ejecting heads 8 
to be driven and switching the dummy load circuits 31a to 31c which are 
connected to the liquid drop ejecting heads 8. More importantly, it should 
be understood that a switching operation between the liquid drop ejecting 
heads 8 and the dummy load circuits 31a and 31b is not performed 
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according to the print data DATA while the liquid drop is ejected. 

[0068] In the above structure, a control signal which selects the 
liquid drop ejecting heads 8 is outputted from the control section 18 to the 
head driver 19 before the liquid drop is ejected to the substrate W. The 
head driver 19 outputs print data DATA which indicates a selection of the 
liquid drop ejecting heads 8 (either one of the first to third ejection heads 
8a to 8c). When the print data DATA is outputted, the liquid drop ejecting 
head to be driven is selected (a head selecting step). Here, it should be 
understood that a first ejection head 8a is selected. 

[0069] After the liquid drop ejecting head is selected, the head 
driver 19 outputs (a dummy load selecting step) print data DATA which 
indicates a selection (switching) of the dummy load circuit which should be 
connected to the selected liquid drop ejecting head according to the control 
signal which is outputted from the control section 18. Either one or a 
plurality of the analogue switches 32a, and 33a, the analogue switches 32b 
and 33b, the analogue switches 32c and 33c are opened according to the 
print data DATA; thus, at least one of the dummy load circuits 31a to 31c 
are connected to the selected liquid drop ejecting head electrically. 

[0070] After the liquid drop ejecting head and the dummy load 
circuit are selected, for example, as shown in FIG. 3, the head unit 6 is 
scanned in the X direction by driving the motor 12 so as to perform 
substrate processes; thus, the driving waveform COM is supplied to the 
first ejection head 8a via the selected dummy load circuit. By doing this, 
the first functional liquid Dl is ejected to the concave sections Kl (driving 
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step). Consequently, the liquid drop ejecting head 8 and the dummy load 
circuit are selected by the print data DATA according to the control signal 
which is outputted from the control section 18 similarly as above. Here, it 
should be understood that the second ejection head 8b is selected. After 
the selection of the ejection head, the second functional liquid D2 is ejected 
to the contouring area Rl by the second ejection head 8b such that the 
functional liquid is applied roughly and densely. 

[0071] Also, in a substrate processing as shown in FIG. 4, the first 
ejection head 8a is scanned (scanning operation) before the second ejection 
head 8b is scanned when the head unit 6 is scanned. The A functional 
liquid Dll is ejected to each concave section Kl by the first ejection head 
8a. Immediately after that, the B functional liquid drop D12 is ejected on 
the A functional liquid drop Dll by the second ejecting head 8b. Here, a 
third ejecting head 8c for contouring a marking acknowledges a missing 
dot as an image by a substrate acknowledging camera, which is not shown 
in the drawing, after the above substrate processing operation; thus, the 
third ejecting head 8c for contouring a mark is appropriately driven 
according to the acknowledgment result. The third ejecting head 8c 
performs a marking operation so as to acknowledge the mark as an image 
so as to identify the defective products. By using the third ejecting head 
8c which ejects extremely large amounts of the functional liquid, it is 
possible to contour a mark in a short period of time. 

[0072] As explained above, in the first embodiment of the present 
invention, an optimal dummy load is selected according to the selected 
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liquid drop ejecting head. Also, the driving waveform COM is supplied to 
the liquid drop ejecting head via the dummy load. Therefore, it is possible 
to eject various functional liquid drops without causing a deterioration in a 
quality of the printed image such as non-uniform ejection. As a result of 
this, it is possible to perform the substrate processing operation efficiently. 
In particular, in the substrate processing operation shown in FIG. 3, it is 
possible to seal the first volatile functional liquid drop Dl by the second 
functional liquid drop D2 before the first volatile functional liquid drop Dl 
evaporates. Also, as shown in an example in the FIG. 4, it is possible to 
mix (two) functional liquid drops such as the A functional liquid drop Dll 
and the B functional liquid drop D 12 in a short period of time. 

[0073] The liquid drop ejecting device according to the first 
embodiment of the present invention is explained as above. In the above 
embodiment, explanations are made for a case in which an analogue switch 
is disposed for an electric switch. More importantly, it should be 
understood that the present invention is not limited to an analogue switch, 
and an electric switch such as a transistor or a FET (ferroelectric 
transistor) may be acceptable in the present invention. 

[0074] Second Embodiment 

[0075] Next, a liquid drop ejecting device according to a second 
embodiment of the present invention is explained. FIG. 6 is an electric 
diagram in a head driver and a liquid drop ejecting head which are 
provided in the liquid drop ejecting device according to a second 
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embodiment of the present invention. Here, only necessary features are 
described for explaining the present invention in FIG. 6 similar to the case 
of FIG. 5. Also, the overall structure for the liquid drop ejecting device 
and the liquid drop ejecting head according to the second embodiment is 
similar to those shown in FIGS. 1 and 2; thus, explanations of such 
structure are omitted. 

[0076] A head driver 19 shown in FIG. 6 which is disposed in a 
liquid drop ejecting device according to a second embodiment of the present 
invention is different from the head driver shown in FIG. 5 which is 
disposed in a liquid drop ejecting device according to the first embodiment 
of the present invention in that analogue switches 32a to 32c, and analogue 
switches 33a to 33c shown in FIG. 5 are replaced by DIP switches (Dual 
In-line Pin Switches) 40a to 40c, and 41a to 41c. The DIP switches 40a to 
40c, and 41a to 41c, are equivalent to a mechanical switch in the present 
invention. These DIP switches are turned on and turned off by an 
operation by a user. By turning on or off these DIP switches 40a to 40c, 
and 41a to 41c, it is possible to select the dummy load which is connected to 
the liquid drop ejecting head. 

[0077] In the above structure, the user operates one (a pair of) 
DIP switches or a plurality of (plural pairs o£) DIP switches so as to select 
(dummy load selecting step) the dummy load which is connected to the 
liquid drop ejecting head 8 before the liquid drop is ejected to the substrate 
W. Next, a control signal for selecting the liquid drop ejecting head 8 is 
outputted to the head driver 19 from the control section 18. Here, the 
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control signal indicates a selection of the liquid drop ejecting head 8 which 
is appropriate for the dummy load which is selected in the above step. In 
other words, the user determines which liquid drop ejecting head to select 
in advance and selects the dummy load which is appropriate for the liquid 
drop ejecting head 8 by operating the DIP switch; thus, the control signal 
which selects the liquid drop ejecting head 8 which is determined in 
advance is outputted from the control section 18. 

[0078] The head driver 19 outputs a print data DATA which 
indicates a selection of the liquid drop ejecting heads 8 (either one of the 
first to third ejection heads 8a to 8c) according to the control signal. When 
the print data DATA is outputted, the liquid drop ejecting head to be driven 
is selected (a head selecting step). Here, it should be understood that a 
first ejection head 8a is selected. 

[0079] After the liquid drop ejecting head which should be 
selected is selected, as similarly to a case of the first embodiment, as shown 
in FIG. 3, the head unit 6 is scanned in the X direction by driving the 
motor 12 so as to perform a substrate processes; thus, the driving 
waveform COM is supplied to the first ejection head 8a via the selected 
dummy load circuit. By doing this, the first functional liquid Dl is ejected 
to the concave sections Kl (driving step). Consequently, the liquid drop 
ejecting head 8 and the dummy load circuit are selected by the print data 
DATA according to the control signal which is outputted from the control 
section 18, similarly as above. Here, it should be understood that the 
second ejection head 8b is selected. After the selection of the ejection head, 
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the second functional liquid D2 is ejected to the contouring area Rl by the 
second ejection head 8b such that the functional liquid is applied roughly 
and densely. 

[0080] Also, in a substrate processing as shown in FIG. 4, the first 
ejection head 8a is scanned (scanning operation) before the second ejection 
head 8b is scanned (only one direction scanning operation) when the head 
unit 6 is scanned. The A functional liquid D 11 is ejected to each concave 
section Kl by the first ejection head 8a. Immediately after that, the B 
functional liquid drop D12 is ejected on the Afunctional liquid drop Dll by 
the second ejecting head 8b. By doing this, an optimal dummy load is 
connected to the liquid drop ejecting heads 8 (either one of the first to third 
ejection heads 8a to 8c); thus, the liquid drop is ejected stably. 

[0081] The liquid drop ejecting device according to the second 
embodiment of the present invention is explained as above. In the above 
embodiment, explanations are made for a case in which a DIP switch is 
used for a mechanical switch. However, the present invention is not 
limited only to the DIP switch. The present invention can use any 
material as long as such a mechanical switch can switch an electric 
connection condition between the dummy load circuit and the liquid drop 
ejecting head. Also, in the above embodiment, explanations are made for 
a case in which the user operates the DIP switch manually. However, it is 
more important to understand that it is acceptable that the mechanical 
switch be turned on and turned off by using a motor or an actuator. 
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[0082] Third Embodiment 

[0083] Next, a liquid drop ejecting device according to a third 
embodiment of the present invention is explained. FIG. 7 is an electric 
diagram in a head driver and a liquid drop ejecting head which are 
provided in the liquid drop ejecting device according to a third embodiment 
of the present invention. Here, only necessary features, are described for 
explaining the present invention in FIG. 7 as similar to a case of FIG. 6. 

[0084] In the first and second embodiments which are explained 
as above, a plurality of various liquid drop ejecting heads 8 (8a, 8b, and 8c) 
having different specifications from each other are mounted on the head 
unit 6. Also, the dummy loads 31a to 31c are disposed on the head driver 
19; thus, the dummy load which is connected is selected by the analogue 
switches 32a to 32c, and 33a to 33c, or by the DIP switches 40a to 40c, and 
41a to 41c, according to the liquid drop ejecting head which should be 
driven. 

[0085] In contrast, in the present embodiment, the dummy load 
circuit and the analogue switches are omitted in the head driver 19. 
Instead, a liquid drop ejecting head 45 which comprises the same quantity 
of analogue switch 35 as the quantity of the ejection nozzles and a pressure 
generating element 36 such as a piezo-element and a head unit 47 which is 
provided with a dummy load circuit 46 are connected to the head driver 19. 
Specifications in the liquid drop ejecting heads 45 which are provided in 
the head unit 47 are different from each other. The specification in the 
dummy circuit 46 is equivalent to that in the liquid drop ejecting head 45. 



27 

[0086] As explained above, in the present embodiment, the 
dummy load circuit 46 having a corresponding specification to that in the 
liquid drop ejecting head 45 is disposed in the head unit 47 such that the 
head unit 47 is provided with the liquid drop ejecting head 45 which should 
be driven; thus, the liquid drop ejecting head 45 and the head driver 19 are 
electrically connected. By doing this, an optimal dummy load circuit 46 
which is suitable for the liquid drop ejecting head 45 is connected in the 
middle of the head driver 19 and the liquid drop ejecting head 45 only by 
mounting the liquid drop ejecting head 45 which is selected by the user; 
thus, it is possible to eject the liquid drop stably. 

[0087] In the above structure, the user selects which head unit 47 
to be attached according to an ejection quantity of the liquid drop so as to 
mount (head unit mounting step) the head unit 47 on the main carriage 5 
(see FIG. 1) before the liquid drop is ejected to the substrate W. By 
performing such operations, the head driver 19 is connected to the dummy 
load circuit 46 and the liquid drop ejecting head 45 electrically. After the 
head unit 47 is mounted, the control section 18 drives the motor 12 so as to 
scan the head unit 6 in the X direction; thus, the driving waveform COM is 
supplied to the head unit 47 via the dummy load circuit; thus, the liquid 
drop is ejected on the workpiece (substrate) W (driving step). 

[0088] In the present embodiment, the head unit 47 is exchanged. 
Therefore, such an operation is not appropriate for an operation in which 
the first functional liquid Dl to the third functional liquid D3 shown in 
FIGS. 3 and 4 are ejected continuously while switching the liquid drop 
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ejecting heads. However, for example, it is possible to eject the liquid drop 
stably in a manufacturing process for a device such as a micro-lens array in 
which the liquid drop ejecting head is not replaced. 

[0089] Layer Forming Device and a Method for Manufacturing 
Therefor, a Method for Manufacturing Device, and Electronic Apparatus 

[0090] The liquid drop ejecting device according to the 
embodiments of the present invention are explained as above. Such a 
liquid drop ejecting device can be used for devices such as a layer forming 
device for forming a layer or a micro-lens array, a liquid crystal display 
device, an organic EL (Electro-Luminescence) device, a plasma display 
device, a FED (Field Emission Display) device. FIGS. 8 and 9 are views of 
a micro-lens array in an optical interconnection device which is 
manufactured by using a liquid drop ejecting device according to an 
embodiment of the present invention respectively. In the liquid drop 
ejecting device, it is possible to manufacture micro-lens arrays 50a and 50b 
for an optical interconnection device by ejecting a photosensitive 
transparent resin (viscous liquid material) to a predetermined position on 
an object Wl which is made of a transparent substrate from the liquid drop 
ejecting head as shown in FIGS. 8 and 9 and by hardening the 
photosensitive transparent resin so as to form a micro-lens L having a 
predetermined area in a predetermined position on the transparent 
substrate. 

[0091] Here, in the micro-lens array 50a shown in FIG. 8, the 
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micro-lens L is disposed in the X direction and Y direction in a matrix 
manner. Also, in the micro-lens array 50b shown in FIG. 9, the micro-lens 
L is disposed in the X direction and Y direction in a non-uniform dispersed 
manner. Here, the micro-lens array is used for not only for an optical 
interconnection device but also for a liquid crystal panel. When an ink jet 
device which employs the present invention is used for manufacturing a 
micro-lens for the liquid crystal device, it is not necessary to use a 
photo-lithography technique; therefore, it is possible to improve 
manufacturing efficiency for the micro-lens array. 

[0092] FIG. 10 is a cross section showing a general structure of a 
liquid crystal device which uses a color filter substrate which is 
manufactured by the liquid drop ejecting device according to an 
embodiment of the present invention. FIGS. 11A and 11B are views for 
showing a disposition of colors on the color filter substrate. In FIG. 10, in 
the liquid crystal device 60, for example, the color filter 61 and the TFT 
array substrate 61 are cemented together such that a predetermined space 
is formed therebetween, and a liquid crystal 63 is sealed as an 
electro-optical material between these substrates. In the TFT array 
substrate 61, a TFT (not shown in the drawing) for a pixel switching 
operation and a pixel electrode 65 are disposed on an inner surface of the 
transparent substrate 64 in a matrix manner. A disposed layer 66 is 
formed on a surface of the inner surface of the transparent substrate 64. 
In contrast, in the color filter substrate 61, color filter layers for R (red), G 
(green), and B (blue) 72R, 72G, and 72B are formed on the transparent 
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substrate 67 so as to face the pixel electrode 65. A flattening layer 68, a 
facing electrode 780, and a deposition layer 71 are formed on a surface of 
the transparent substrate 67. 

[0093] In the color filter substrate 61, the color filter layers 72R, 
72G, and 72B are surrounded by a bank 68 having a one*step section or 
two-step section. That is, the color filter layers 72R, 72G, and 72B are 
formed inside of the bank 68. Here, the color filter layers 72R, 72G, and 
72B are disposed in a predetermined disposition such as a delta disposition 
shown in FIG. 11A or a stripe disposition shown in FIG. 11B. 

[0094] The color filter substrate 61 having such a structure is 
manufactured as follows. That is, first, a bank 68 is formed on a surface 
of the transparent substrate 67. After that, a resin (viscous liquid 
material) having a predetermined color is supplied in each bank 68 by 
using the liquid drop ejecting device according to the first to third 
embodiments. The resin having a predetermined color is cured by an 
ultra-violet ray or a heat so as to form the color filter layers 72R, 72G, and 
72B. Therefore, it is possible to form the color filter layers 72R, 72G, and 
72B without using a photo-lithographic technology; thus, it is possible to 
improve a manufacturing efficiency for the color filter substrate 61. 

[0095] FIG. 12 is a cross section of an example for an organic EL 
device. As shown in FIG. 12, an organic EL device 301 is formed in which 
a wiring on a flexible substrate (not shown in the drawing) and a driving 
IC (Integrated Circuit, not shown in the drawing) are connected to an 
organic EL element 302 which comprises a substrate 311, a circuit element 
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section 321, a plurality of pixel electrodes 331, a plurality of bank sections 
341, a plurality of illuminating elements 351, a cathode 361 (facing 
electrode), and a sealing substrate 371. The circuit element section 321 is 
formed on the substrate 311. A plurality of pixel elements 331 are 
disposed in arrays on the circuit element section 321. In addition, each 
bank section 341 is formed in a lattice manner between the pixel electrodes 
331. Each illuminating elements 351 are formed in concave aperture 
sections 344 which are formed by the bank sections 341. 

[0096] A manufacturing process for an organic EL device 301 
which including an organic EL element comprises the steps for forming a 
bank sections 341, performing a plasma processing operation for forming 
the illuminating elements 351 appropriately, forming illuminating 
elements 351, forming a cathode (facing electrode) 361, and sealing the 
cathode 361 by layering the sealing substrate 371. 

[0097] In a step for forming the illuminating elements, positive 
hole implanting/transporting layers 352 and illuminating layers 353 are 
formed on the concave aperture sections 344, that is, on pixel electrodes 
331. The step for forming the illuminating elements has a step for 
forming the positive hole implanting/transporting layers and a step for 
forming the illuminating layer. Furthermore, a step for forming the 
positive hole implanting/transporting layers has a step for ejecting a first 
component (functional liquid) on each pixel electrode 331 for forming the 
positive hole implanting/transporting layers 352 and a first drying step for 
drying the ejected first component so as to form the positive hole 



32 



implanting/transporting layers 352. Also, the step for forming the 
illuminating layer has a step for ejecting a second component (functional 
liquid) on the positive hole implanting/transporting layers 352 for forming 
the illuminating layer 353 and a second drying step for drying the ejected 
second component so as to form the illuminating layers 353. In the step 
for forming the illuminating elements, the above illuminating elements are 
formed by using the liquid drop ejecting device. 

[0098] FIG. 13 is an isometric view of a part of a plasma display 
device. As shown in FIG. 13, a plasma display device 400 comprises 
substrates 401 and 402 which are disposed so as to face each other, and a 
discharging display section 410 which is formed between the substrates 
401 and 402. The discharging display device 410 is formed by a plurality 
of discharging chambers 416 collectively. Plural discharging chambers 
416 forms a pixel such that three colors of discharging chambers such as a 
red color discharging chamber 416(R), a green color discharging chamber 
416(G), and a blue color discharging chamber 416(B) form a unit. 

[0099] A plurality of address electrodes 411 are formed on an 
upper surface the substrate 401 in a stripe manner with a predetermined 
interval from each other. A dielectric layer 419 is formed so as to cover 
upper surfaces of the address electrodes 411 and upper surface of the 
substrate 401. On the dielectric layer 419, a plurality of separation walls 
415 are formed so as to be disposed between the address electrodes 411 and 
411 along each address electrodes 411. A separation wall 415 includes a 
separation wall which neighbors both sides in the width direction of the 
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address electrodes 411 horizontally and a separation wall which expands in 
a direction orthogonal to the address electrodes 411. Also, the discharging 
chambers 416 are formed so as to correspond to a rectangular area which is 
formed by the separation walls 415. Fluorescent materials 417 emit 
either one of fluorescent light among red, green, or blue. A red color 
fluorescent material 417 (R) is disposed on a bottom surface of the red color 
discharging chamber 416 (R). A green color fluorescent material 417 (G) 
is disposed on a bottom surface of the green color discharging chamber 416 
(G). Also, a blue color fluorescent material 417 (B) is disposed on a bottom 
surface of the blue color discharging chamber 416 (B). 

[0100] A plurality of display electrodes 412 are formed on the 
substrate 402 in a stripe manner with predetermined intervals in a 
direction orthogonal to the above address electrodes 411. Furthermore, a 
protection layer 414 which is made from the dielectric layer 413 and an 
oxides such as MgO is formed so as to cover the display electrodes 412. 
The substrate 401 and the substrate 402 are cemented together so as to 
face each other such that the address electrodes 411 and the display 
electrodes 412 are disposed so as to be orthogonal to each other. The 
address electrodes 411 and the display electrodes 412 are connected to an 
alternative current power supply, which is not shown in the drawing. 
Electricity is supplied to each electrode; thus, the fluorescent material 417 
is excited and emits light in the discharging display section 410. By doing 
this, it is possible to perform a color display operation. The liquid drop 
ejecting device according to the present embodiment of the present 
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invention is used for disposing a fluorescent material 417 inside of the 
rectangular area which is separated by the separation walls 415. 

[0101] FIGS. 14A to 14C are views showing a field emission 
display (FED) which is provided with field emission elements. FIG. 14A is 
an isometric view showing a general disposition of a cathode substrate and 
an anode substrate which form the FED. FIG. 14B is a circuit diagram 
showing a general structure of a driving circuit which is disposed in the 
cathode substrate in the FED. FIG. 14C is an isometric view showing an 
important part of the cathode substrate. As shown in FIG. 14C, in an 
FED 500, the cathode substrate 500a and an anode substrate 500b are 
disposed so as to face each other. 

[0102] As shown in FIGS. 14A and 14B, the cathode substrate 
500a comprises a plurality of gate lines 501, a plurality of emitter lines 502, 
and a simple matrix circuit which is provided with a polarity of field 
emission elements 503 which are connected to the gate lines 501 and the 
emitter lines 502. Gate signals Vi, V 2 , V m are supplied to the gate 
lines 501. Emitter signals Wi, W 2 , W n are supplied to the emitter lines 
502. Also, the anode substrate 500b is provided with a fluorescent 
material which has a light emitting characteristics when an electron 
contacts thereto. For such a fluorescent material, a fluorescent material 
which emits either one of color fluorescent lights among red, green, or blue 
is used. 

[0103] As shown in FIG. 14C, the field emission element 503 
comprises an emitter electrode 503a which is connected to the emitter line 
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502 and a gate electrode 503b which is connected to the gate line 501. 
Also, the emitter electrode 503a is provided with a protruding section 
which is called an emitter tip 505 of which the diameter of the tip becomes 
smaller gradually in a direction from the emitter electrode 503a to the gate 
electrode 503b. A hole section 504 is formed in a corresponding position to 
the emitter tip 505 on the gate electrode 503b. The tip of the emitter tip 
505 is disposed in the hole section 504. 

[0104] When a voltage is supplied between the emitter electrode 
503a and the gate electrode 503b which are disposed in the field emission 
element 503, an electron 510 moves from the emitter tip 505 toward the 
hole section 504 because of an electric field; thus, the electron 510 is 
discharged from the tip of the emitter tip 505. The fluorescent material 
emits a light when the discharged electron 510 contacts the fluorescent 
material on the anode substrate 500b which is disposed so as to face the 
cathode substrate 500a. Therefore, it is possible to display a desirable 
color by controlling the gate signals Vi, V 2 , V m in the gate lines 501 and 
the emitter signals Wi, W 2 , W n in the emitter lines 502 and driving 
the FED 500. The liquid drop ejecting device according to the present 
embodiment of the present invention is used for disposing the fluorescent 
material on the anode substrate 500b. 

[0105] The above devices such as a liquid crystal device, an 
organic EL device, a plasma display device, and an FED are disposed in an 
electronic apparatus such as a notebook computer and a mobile phone. 
However, the electronic devices according to the present invention can be 
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used not only for the above notebook computer and the mobile phone, but 
also for various electronic apparatuses such as a liquid crystal projector, a 
multi-media personal computer (PC) and an engineering work-station 
(EWS), a pager, a word processor, a television, a video tape recorder having 
a view finder or a direct monitor, an electronic organizer, electronic desktop 
calculator, a car navigation system, a POS (Point of Sale) terminal, and 
devices which are provided with a touch panel. 

[0106] The entire disclosure of Japanese Patent Application 

Nos. 2002-265736 filed September 11, 2002 and 2003-285988 filed August 4, 
2003 are incorporated by reference. 



